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SXULI\WKHSULPDU\DQGVHFRQGDU\VRGLXPE\SDVVLQJLWWKURXJKFROGWUDSV7KXVDORZHUWHPSHUDWXUHLVPDLQWDLQHG
GXULQJRSHUDWLRQIRUVHDOLQJDVWKHLPSXULW\FRQFHQWUDWLRQR[\JHQDQGK\GURJHQLVLQWKHVRGLXPORZHULWVHOI
7KLVSXULILFDWLRQLQFUHDVHVWKHFDSDFLW\RIR[LGDWLRQUHGXFWLRQRIVRGLXPLQSDUWLFXODUDJDLQVWWKHR[LGHVSUHVHQW
RQ WKH VXUIDFH RI PDWHULDOV DQG ZKRVH LQIOXHQFH RQ WKH IULFWLRQ LV JHQHUDOO\ IDYRUDEOH 6LPLODUO\ WKH PRUH WKH
SXULILFDWLRQ LV SXVKHG WRZDUGV WKH ORZ FRQFHQWUDWLRQV RI R[\JHQ WKH OHVV WKH IRUPDWLRQ RI VHOIOXEULFDQW PL[HG
R[LGHVVXFKDVFKURPLWHRUVRGLXPDOXPLQDWHLVSUREDEOH7KHUHIRUHWKHPLQLPXPFRQFHQWUDWLRQRIR[\JHQLQWKH
VRGLXPLVIXQGDPHQWDOIRUWULERORJ\
$PRQJWKHILUVWKDUGFRDWLQJVXVHGWRRYHUFRPHWKHSUREOHPVRIIULFWLRQLQVRGLXPLQFOXGHFREDOWEDVHGDOOR\V
FRPPRQO\XVHGLQVHYHUDOLQGXVWULDOILHOGV+RZHYHURQHPDMRUGUDZEDFNRIWKHVHDOOR\VIRUQXFOHDUDSSOLFDWLRQVLV
WKHDFWLYDWLRQRI&REDOWXQGHUQHXWURQIOX[LQDUHDFWLRQ&RQJĺ&R:LWKDSHULRGRI\HDUVWKHDFWLYLW\
RI&REDOW LVPD[LPXPGXULQJ WKHRSHUDWLRQRI WKH UHDFWRU$SHULRGRIDW OHDVW\HDUVDIWHU WKH VKXWGRZQ LV
QHFHVVDU\WRREVHUYHDVLJQLILFDQWUHGXFWLRQRILQGXFHGDFWLYLW\7KXVLWLVGHVLUDEOHWRDYRLGWKHVHDOOR\VIRUVHYHUH
QHXWURQIORZDQGGLIIHUHQWVWXGLHVWULHGWRILQGVXEVWLWXWHPDWHULDOZLWKRXWFREDOWRULQYHU\VPDOOTXDQWLWLHV
7KHUH DUH GLIIHUHQW DUHDV LQ 6)5 WKDW KDYH EHHQ LGHQWLILHG  DV EHLQJ PRVW DIIHFWHG E\ IULFWLRQ ZHDU DV WKH
VWURQJEDFNVXSSRUWRQWKHSULPDU\YHVVHOFDQGOHVDVVHPEO\FRPSRQHQWVVWHDPJHQHUDWRUFRPSRQHQWVPRYLQJSDUWV
LQYDOYHV
7KHUHTXLUHPHQWVDUHYHU\GHPDQGLQJWULERFRUURVLRQXQGHUVRGLXPRSHUDWLQJWHPSHUDWXUHIURPWR&
ULVN RI WKHUPDO VKRFN DQG WKHUPDO F\FOLQJ DQG OLIH WLPH RI RYHU  \HDUV ZLWKRXW ELQGLQJ RU GHJUDGDWLRQ
&RQVLGHULQJ WKH WULERORJLFDO WHVWV QHHGHG WR DQDO\]H WKHZHDUEHKDYLRURI WKH FRXSOH RIPDWHULDOV LQ FRQWDFW LI D
WULERPHWHUIRUWHVWVXQGHUOLTXLGVRGLXPLVVHWXSDQGFXUUHQWO\LQHYDOXDWLRQZHKDYHGHFLGHGWRPDNHWULERORJLFDO
WHVWXQGHUDUJRQJDVSURWHFWLRQ
$V ZH KDYH VDLG DQG IROORZLQJ WKH UHVXOWV RI SUHYLRXV VWXGLHV LW KDV EHHQ GHPRQVWUDWHG WKDW LI WKH R[\JHQ
FRQWHQWLVFDUHIXOO\FRQWUROOHGIRUH[DPSOHE\R[\JHQWUDSSLQJGHYLFHVDQGWHPSHUDWXUH&DVLWLVSODQQHG
IRUWKHIXWXUHUHDFWRUWKHOLTXLGVRGLXPZLOOKDYHDYHU\PLQRUFRUURVLRQHIIHFWRQWKHPDWHULDOVXQGHUVWXG\UHI&
/DWJH>@
0RUHRYHU DV LWZLOO EHSUHVHQWHG LQ WKLV DUWLFOH WKH VSHFLILFDWLRQVRI WKH FRQWDFWV VHOHFWHG IRU WKH VWXG\ VKRZ
D KHDY\ ORDG ZKLFK VXEVWDQWLDOO\ SUHYHQWV WKH IRUPDWLRQ RI D OLTXLG ILOP OXEULFDQW &RQVHTXHQWO\ WKH LQHUW
DWPRVSKHUHDSSHDUVWREHDJRRGVXEVWLWXWHWROLTXLGVRGLXPIRUWKHZHDUWHVWV
6HOHFWLRQRIPDWHULDOV
7KHFRQWH[WRIWKHIXWXUHUHDFWRULPSOLHVDQXPEHURIFRQVWUDLQWVRQWKHSRVVLEOHFKRLFHRIKDUGIDFLQJPDWHULDOV
3DUWLFXODUO\ WKHUDQJHRI WKHWHPSHUDWXUHEHWZHHQ&DQG&GXULQJRSHUDWLRQ LVYHU\FRQVWUDLQLQJIRU WKH
VHOHFWLRQRIKDUGIDFLQJDOOR\V)LUVWLWKDVEHHQGHFLGHGWRNHHSRQVWXG\6WHOOLWHDOOR\DFREDOWEDVHGPDWHULDODV
UHIHUHQFH
2.1. Base material  
$IWHU LQLWLDO DQDO\VLV RI WKH SRVVLEOH ]RQHV WKDW FRXOG EH VXEMHFW WRZHDU LQ 6RGLXP)DVW5HDFWRU LW KDV EHHQ
GHFLGHGWRIRFXVWKHVWXG\RQUHDFWRUYHVVHODQGFRUHVWUXFWXUDOFRPSRQHQWV%DVHPDWHULDOKDVWREHVHOHFWHGIRULWV
PDLQFKDUDFWHULVWLFVDJDLQVWWKHRSHUDWLQJFRQGLWLRQVJRRGIOXHQFHDWKLJKWHPSHUDWXUHVRGLXPFRPSDWLELOLW\LH1D
FRUURVLRQUHVLVWDQFHJRRGLUUDGLDWLRQEHKDYLRUORZGHIRUPDWLRQXQGHUQHXWURQIORZFRVW«,Q>@.1DWHVDQ	
DOSUHVHQWDJRRGUHYLHZRIEDVHPDWHULDOVXVHGLQ6RGLXP)DVW5HDFWRUV'LIIHUHQWVWDLQOHVVVWHHOVDOOR\VKDYHEHHQ
XVHG LQ H[LVWLQJ UHDFWRU 3DUWLFXODUO\ WKH $,6,  DOOR\V DUH HQFRXQWHUHG LQ GLIIHUHQW UHDFWRUV IRU WKHLU JRRG
SURSHUWLHV,QRXUSURMHFW/DQG/1KDYHEHHQVHOHFWHGIRUEDVHPDWHULDOPHHWLQJWKHUHTXLUHPHQWV,QRXU
H[SHULPHQWVZHKDYHGHFLGHGWRXVH/VXEVWUDWHIRUODVHUFODGGLQJRIWKHKDUGIDFLQJDOOR\V
&RQVLGHULQJWKHFRQWDFW]RQHVWKDWFDQEHHQIRXQGLQWKHUHDFWRULWLVFOHDUWKDWD/1/1FRQWDFWLVQRW
DJRRGFRXSOHIRUVOLGLQJFRQGLWLRQV7KHUHIRUHLWKDVEHHQGHFLGHGWRFRDWRQHVLGHRIWKHFRQWDFWFRPPRQO\WKH
VWDWLF SDUW LQ RUGHU WR JHW D KDUGIDFLQJ PDWHULDO/1 FRQWDFW 7KLV ZLOO EH WKH V\VWHP FRQVLGHUHG LQ WKH
WULERORJLFDOVWXG\
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2.2. Stellite® Alloys 
6WHOOLWHLV WKHZHOONQRZQDQGZLGHO\XVHGKDUGIDFLQJZHDUUHVLVWDQFHPDWHULDO7KH6WHOOLWHDOOR\IURP'HORUR
&RPSDQ\ LVDFREDOWFKURPLXPEDVHVSHFLDOO\GHVLJQHGIRUDEUDVLRQUHVLVWDQFH7KHUHDUHPDQ\DOOR\VRI6WHOOLWH
FRPSRVHG RI YDULDEOH SURSRUWLRQV RI FREDOW QLFNHO LURQ DOXPLQXP ERURQ FDUERQ FKURPLXP PDQJDQHVH
PRO\EGHQXPSKRVSKRUXVVXOIXUVLOLFRQDQGWLWDQLXPPRVWDOOR\VKDYLQJIRXUWRVL[RIWKHVHHOHPHQWV7KH6WHOOLWH
DOOR\LVQRQPDJQHWLFDQGKDVYHU\JRRGFRUURVLRQUHVLVWDQFH7KHGLIIHUHQWDOOR\VKDYHEHHQRSWLPL]HGIRUGLIIHUHQW
DSSOLFDWLRQV
6WHOOLWH DOOR\V KDYH D KLJKPHOWLQJ SRLQW DQG KLJK KDUGQHVV HJ 6WHOOLWH   +5& PHOWLQJ SRLQW &
&7KH\DUH WKHUHIRUHYHU\GLIILFXOW WRPDFKLQH7KHKDUGQHVV LVVWURQJO\GHSHQGHQWRQPLFURVWUXFWXUH7KH
GXFWLOLW\RI6WHOOLWHLVPDLQO\GHWHUPLQHGE\WKHYROXPHIUDFWLRQRIFDUELGHVDQGWKHLUPRUSKRORJLHV$QLQFUHDVHRI
FDUELGHVUHGXFHVGXFWLOLW\+RZHYHUFUDFNVXVFHSWLELOLW\UHPDLQVTXLWHORZLQVWDQGDUGFRQGLWLRQV8QGHUFRQGLWLRQV
RIR[LGDWLRQWKHHOHPHQWV&UDQG&RFDQIRUPFKURPLXPDQGFREDOWR[LGHVDWGLIIHUHQWR[LGDWLRQOHYHOVVHH30
'XQFNOH\  >@  DQG+6R >@7KHDEUDVLRQ UHVLVWDQFH LVSURSRUWLRQDO WR WKHKDUGQHVVDQG LQFUHDVHV
ZLWKWKHSURSRUWLRQDQGVL]HRIFDUELGHVVHH-70GH+RVVRQ>@DQGGH0ROYDQ2WWHUORR>@
$ ODUJH QXPEHU RI 6WHOOLWH VXEVWLWXWHV KDV EHHQ SURSRVHG LQ WKH OLWHUDWXUH &RQVLGHULQJ UHTXLUHPHQWV WKLFN
FRDWLQJVDUHSUHIHUDEO\UHWDLQHG$PRQJWKHPZHFDQFRQVLGHUWZRPDLQW\SHVRIPDWHULDOVWKHLURQRUQLFNHOEDVHG
DOOR\V
,ILURQEDVHDOOR\VFDQQRWEHGHILQLWHO\H[FOXGHGWKHELEOLRJUDSK\'+(3HUVVRQ>@DQG&%%DKQ
 >@ PDLQO\ GHPRQVWUDWHV WKH SRRU EHKDYLRU RI WKH LURQEDVHG KDUGIDFLQJ FRDWLQJV DW KLJK WHPSHUDWXUH
UHJDUGOHVVRIWKHGHSRVLWLRQSURFHVV
$WWKHRSSRVLWHDXWKRUVKDYHHYLGHQFHGWKHLQWHUHVWRIXVLQJ1LFNHOEDVHGDOOR\VIRUUHSODFLQJWKH&REDOWEDVHG
RQHVVHH0&RUFKLD>@.DVKDQL >@%HFDXVHRI WKDWZHKDYHVHOHFWHGWZRSURPLVLQJQLFNHO
EDVHDOOR\VZLWKYHU\GLIIHUHQWW\SHVRIVWUHQJWKHQLQJSUHFLSLWDWHV&ROPRQR\DQG7ULEDOR\
2.3. Colmonoy® alloy 
7KH &ROPRQR\ LV D QLFNHOEDVHG DOOR\ GHYHORSHG E\ :DOO&ROPRQR\ &RPSDQ\ ZKLFK FRPSULVHV KDUGHQLQJ
FKURPLXP ERULGHV DQG FDUELGHV )LJ  ,WV PDLQ LQWHUHVW LV WR EH FREDOW IUHH ZKLOH SURYLGLQJ GLIIHUHQW JUDGHV
DGDSWHG WRGLIIHUHQWZHDU DQG FRUURVLRQ FRQGLWLRQV )RUPRVWRI WKH&ROPRQR\DOOR\V WKHPHWDOOXUJLFDO DQDO\VLV
VKRZV WKH SUHVHQFH RI ERULGHV DQG FDUELGHV HVSHFLDOO\ &U% LQ D VROLG VROXWLRQ RI J1L $OWKRXJK SDUWLDO WKH
WULERORJLFDOWHVWVH[KLELWHGVDWLVIDFWRU\UHVXOWVFRQGXFWHGDWURRPWHPSHUDWXUH
0LQJHWDO>@SUHVHQWVDVWXG\RI&ROPRQR\DQGJUDGHWXQJVWHQFRDWLQJRQ$,6,E\
ODVHU FODGGLQJ 7KH UHVXOWV VKRZ YHU\ JRRG GHQVLW\ DQG FRKHVLRQ RI WKH FRDWLQJ 7KH DXWKRUV DOVR VKRZ WKDW WKH
EHKDYLRU RI WKH FRDWLQJ GHSHQGVPRUH RQ WKH QDWXUH DQG SURSRUWLRQ RI WKHPDLQ KDUGHQLQJ SKDVH UDWKHU WKDQ WKH
DYHUDJHPDFURKDUGQHVVRIWKHPDWHULDO2IFRXUVHWKLVLVVWURQJO\FRQGLWLRQHGE\WKHSURFHVVSDUDPHWHUV
,QWKHFXUUHQWVWXG\&ROPRQR\KDVEHHQSURSRVHGDVDFREDOWIUHHKDUGIDFLQJPDWHULDOVHH7UDQ9'
>@7KHUHIRUHWKLVZLOOEHWKH&ROPRQR\DOOR\LQYHVWLJDWHGLQWKHUHVWRIWKHDUWLFOH


)LJ0LFURVWUXFWXUHRIWKH&ROPRQR\FRDWLQJUHI.HVDYDQ	DO>@
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2.4. Tribaloy® alloy 
7ULEDOR\DOOR\VKDYHEHHQGHYHORSHGE\WKH'HORURFRPSDQ\*UDGHVDUHRIIHUHGLQQLFNHORUFREDOWEDVH7KH\
DUHSDUWLFXODUO\XVHIXOLQWKHFDVHRIGULHGPHWDOPHWDOWULERFRUURVLRQDWKLJKWHPSHUDWXUH&&7KHVH
JUDGHVKDYHEHHQGHYHORSHGWRREWDLQDZHDUDQGFRUURVLRQEHKDYLRUYHU\FORVHWR6WHOOLWH7KH\PD\DOVRFRQWDLQD
VPDOOSURSRUWLRQRIFREDOW
7KH7ULEDOR\7VHHWDEOHIRUFRPSRVLWLRQKDVDKLJKUHVLVWDQFHWRFRUURVLRQDQGR[LGDWLRQ,WFRQWDLQVQR
FREDOW DQG KDV EHHQ LGHQWLILHG DV D JRRG FDQGLGDWH IRU QXFOHDU DSSOLFDWLRQV 1RWH WKDW LWV ZHDU UHVLVWDQFH LV
SURSRUWLRQDO WR WKHYROXPHIUDFWLRQRI WKH/DYHVSKDVHSUHVHQWLQ WKHGHSRVLWHGPDWHULDO7KHUHIRUH WKHUHVXOWVRI
ZHDUWHVWVDUHYHU\VHQVLWLYHWRWKHSURFHVVDVGLOXWLRQOHYHOFRROLQJUDWHDQGRYHUDOOWKHUPDOKLVWRU\RIWKHFODG
7KHPLFURVWUXFWXUHRIWKH7ULEDOR\FRDWLQJFRPSULVHVWKH/DYHVSKDVHZKRVHYROXPHLVDERXWVHH)LJ
7KDQNVWRWKLVSKDVHWKHPDWHULDOH[KLELWVDJRRGZHDUUHVLVWDQFH

 
)LJ([DPSOHVRI/DYHVSKDVHLQD7ULEODOR\UHI7UDQ9'>@DQGE7ULEDOR\UHI&1DYDV>@GHSRVLWHGE\
ODVHUFODGGLQJ

7KHFRPSRVLWLRQRIWKHWKUHHPDWHULDOVWKH6WHOOLWHLVXVHGDVDUHIHUHQFHDUHSUHVHQWHGLQWDEOH

7DEOH&RPSRVLWLRQRIGLIIHUHQWKDUGIDFLQJDOOR\V
ŚĞŵŝĐĂůĐŽŵƉŽƐŝƚŝŽŶ
;йǁĞŝŐŚƚͿ
  Ž ƌ &Ğ DŶ DŽ Eŝ ^ŝ t
DĂƚĞƌŝĂůƐ /^/ϯϭϲ> Ͳ Ϭ͘ϬϮ Ͳ ϭϲͲϭϴ Ăů͘ ϮͲϮ͘ϱ Ϯ ϭϬ͘ϱͲϭϯ͘ϱ ϭ Ͳ
^ƚĞůůŝƚĞϲ Ͳ Ϭ͘ϵͲϭ͘ϰ Ăů ϮϳͲϯϮ Ͳ Ͳ Ͳ Ͳ Ͳ ϰͲϲ
ŽůŵŽŶŽǇϱϮ Ϯ͘Ϯ Ϭ͘ϱϱ Ͳ ϭϮ͘ϯ ϯ͘ϴͲϰ͘ϴ Ͳ Ͳ Ăů͘ ϯ͘ϳ Ͳ
dƌŝďĂůŽǇϳϬϬ Ͳ фϬ͘ϱ Ͳ Ϯϲ фϮ͘Ϭ Ͳ Ϯϲ Ăů͘ фϭ͘ϱ Ͳ
3DUDPHWHUVHDUFKIRUODVHUFODGGLQJSURFHVV
7KLFNKDUGIDFLQJFRDWLQJVDUHREWDLQHGPDLQO\E\DIXVLRQSURFHVVLIIXOOGHQVLW\DQGPHWDOOXUJLFDOERXQGLQJDUH
UHTXLUHGDVLQRXUFDVH$PRQJWKHPWKH3ODVPD7UDQVIHUUHG$UF:HOGLQJ37$:LVPRVWO\XVHGTXDOLILHGDQG
FRQVLGHUHGDVWKHQRPLQDOSURFHVVIRUWKLVW\SHRIDSSOLFDWLRQV
+RZHYHU FRPSDUHG WR FRQYHQWLRQDO IXVLRQ SURFHVVHV ODVHU FODGGLQJ FDQ SURYLGH LQWHUHVWLQJ SURSHUWLHV WKH
GLOXWLRQRI VXEVWUDWH FDQEHDFFXUDWHO\FRQWUROOHGDQG UHGXFHGKLJK VROLGLILFDWLRQ VSHHGDQG WKHUPDOJUDGLHQW FDQ
JLYH D YHU\ ILQHPLFURVWUXFWXUHZLWK KRPRJHQHRXV SURSHUWLHV DQG KLJKHU KDUGQHVV UHI..RPYRSRXORV 
>@
7KHUHIRUHHYHQLIWKH37$:LVVWLOOXVHGDQGLQYHVWLJDWHGLQWKHSURMHFWZHKDYHGHFLGHGWRSURSRVHGHSRVLWWKH
VHOHFWHGPDWHULDOVE\ODVHUFODGGLQJDVDQDOWHUQDWLYHSURFHVVWKDWFRXOGLPSURYHWKHPDWHULDOSURSHUWLHV1RZZH
SUHVHQWWKHUHFHQWH[SHULPHQWVDQGDQDO\VLVDFKLHYHGRQ7ULEDOR\
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3.1. Process parameters for laser cladding of Stellite 6 and Colmonoy 52 
7KHGHWDLORIWKHSDUDPHWHUVHDUFKHVIRUODVHUFODGGLQJRI6WHOOLWHDQG&ROPRQR\DOOR\VKDYHEHHQSUHVHQWHG
UHFHQWO\LQ9DQ'H	DO>@3ODWHVXEVWUDWHVRI/LGHQWLFDOWRWKRVHSUHVHQWHGKHUHDIWHUKDYHEHHQXVHG
IRUWKLVVWXG\
6WHOOLWH  LV DZHOONQRZQPDWHULDO WKDW KDV EHHQ HDVLO\ GHSRVLWHGE\ ODVHU FODGGLQJZLWKRXW FULWLFDO GHIHFWV DV
FUDFNV RU ODUJH QXPEHU RI SRURVLWLHV 7KLV LV QRW WKH FDVH IRU &ROPRQR\  NQRZQ DV D EULWWOH DOOR\ZLWK FROG
FUDFNLQJ VXVFHSWLELOLW\ PDLQO\ GXH WR VWUHVV JHQHUDWLRQ LQGXFHG E\ WKHUPDO F\FOHV HVSHFLDOO\ ZKHQ XVLQJ KLJK
HQHUJ\GHSRVLWLRQSURFHVVDV37$:RUODVHUFODGGLQJ)LUVWDVSHFLDODWWHQWLRQKDVWDNHQRQUHGXFWLRQRISRURVLW\
SDUWLDOO\GXH WRRFFOXGHGSRUHV LQ WKHSRZGHUSURYLGHGE\:DOO&ROPRQR\FRPSDQ\7KHQ WKHGLOXWLRQKDVEHHQ
UHGXFHGE\WXQLQJWKHWUDYHOVSHHGDQGWKHSRZGHUIORZUDWH$YRLGLQJFUDFNVKDVEHHQPDGHE\DSUHKHDWLQJRIWKH
VXEVWUDWHEHWZHHQ&)LQDOO\VRXQGGHSRVLWVKDYHEHHQSURGXFHGIRUWULERORJLFDOWHVWV
3.2. Process parameters for laser cladding of Tribaloy 700 
3.2.1. Experimental setup 

7KHODVHUFODGGLQJSURFHVVKDVDODUJHQXPEHURISDUDPHWHUVWKDWFDQLQIOXHQFHRQWKHTXDOLW\RIWKHFODGWUDFNV,W
LQYROYHVDORWRISDUDPHWHUV$PRQJWKHPWKUHHPDLQSDUDPHWHUVDUHWKHVSHHGSURFHVVLQJWKHSRZGHUIHHGLQJUDWH
WKHODVHUSRZHU
7KHH[SHULPHQWDOVHWXSLVVKRZQLQWKH)LJ,QWKLVVWXG\DFRQWLQXRXVN:7UXPSI'LVNODVHUZDVXVHGWR
PDNHGHSRVLWV

)LJ/DVHUFODGGLQJVHWXS9LHZGXULQJFODGGLQJ
7KHODVHUEHDPLVDWWKHFHQWHURIWKHFODGGLQJQR]]OH7KHPHWDOSRZGHULVDGGHGE\WKHWXEHVYLVLEOHLQ)LJ
7KH\ DUH WUDQVSRUWHG E\ D JDV VWUHDP DQG LQMHFWHG LQWR WKHPHOW SRRO2Q WKHZD\ WKURXJK WKH ODVHU EHDP WKH\
DEVRUE ODVHU HQHUJ\ 7KH DUJRQ LQHUW JDV SURWHFWLRQ VXUURXQGLQJ WKHPHOW SRROZDV XVHG WR DYRLG R[LGDWLRQ 7KH
VXEVWUDWHZDVSUHKHDWHGE\LQGXFWLRQ7KHLQGXFWRUYLVLEOHLQ)LJKDVEHHQGHVLJQHGWRVXUURXQGWKHVDPSOHDQG
FUHDWHDYHU\KRPRJHQHRXVKHDWLQJRIWKHVXEVWUDWH7KHSUHKHDWLQJWHPSHUDWXUHLVWXQHGLQDUDQJHRI&DQG
&ZLWKRXWDIIHFWLQJWKH/VXEVWUDWH7KHWHPSHUDWXUHLVPRQLWRUHGE\DS\URPHWHUDQGDFORVHGORRSRQWKH
LQGXFWLRQV\VWHP
3.2.2. Parameter search 
)RU WKH H[SHULPHQWV VSHFLPHQV RI / VWHHO [[ PP DQG [[ PP ZHUH XVHG DV VXEVWUDWHV
3RZGHU 7ULEDOR\  ZLOO EH GHSRVLWHG E\ WZR GLIIHUHQW SURFHVVHV ODVHU FODGGLQJ DQG 3ODVPD 7UDQVIHUUHG $UF
:HOGLQJ SURFHVV 37$: DQG WKHLU SURSHUWLHV ZLOO EH FRPSDUHG ODWHU RQ )RU WKLV FDPSDLJQ RI WKH SDUDPHWULF
VHDUFKWKHLQLWLDOSDUDPHWHUVZHUHVHOHFWHGWRSURGXFHWKLQGHSRVLWV7KHLUWKLFNQHVVLVDERXWPPVHH)LJ
7KHSDUDPHWHUZLQGRZKDVEHHQFKRVHQODUJHHQRXJKLQRUGHUWRHYDOXDWHWKHLQIOXHQFHRIWKHSUHKHDWLQJ
x /DVHU3RZHUWR:
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x 'HSRVLWLRQVSHHGPPPQ
x 3RZGHUIORZJPQ

7KHODVHUVSRWVL]HRQWRWKHVXEVWUDWHKDVEHHQWXQHGE\GHIRFXVLQJWKHIRFDOVSRWLQRUGHUWRJHQHUDWHDQDFFHSWDEOH
PHOWSRROJHRPHWU\W\SLFDODVSHFWUDWLRKHLJKWZLGWKa


)LJ([DPSOHVRIVLQJOHWUDFNDQGRYHUODSV
,QRUGHUWRDYRLGRUWRUHGXFHWKHVHSKHQRPHQDZHKDGWRDQDO\]HWKHFDXVHVRIHDFKRQH
3.2.3. Porosity 

7KH SRZGHU JUDLQ GLVWULEXWLRQ LV D VWDQGDUG RQH P 7KLV 7ULEDOR\  SRZGHU SUHVHQWV D YHU\ ORZ
QXPEHURISRURVLWLHVLQWKHJUDLQVVHH)LJ7KLVGHSHQGVRQWKHPHWKRGRISRZGHUSURGXFWLRQ0RUHRYHUZHFDQ
VHHRQ)LJULJKWDPLFURJUDSK\RIDJUDLQVKRZLQJDILQH/DYHVSKDVHVWUXFWXUHGXHWRUDSLGVROLGLILFDWLRQ


7ULEDOR\ 7ULEDOR\
)LJ0LFURJUDSK\RIWKH7ULEDOR\SRZGHUXVHGLQWKHVWXG\

$VLWLVRIWHQVHHQGHFUHDVLQJWKHVL]HRIWKHPHOWSRROWHQGVWRLQFUHDVHWKHQXPEHURISRURVLW\RIWKHFODG,QRXU
FDVH WKH QXPEHU RI SRURVLW\ LV YHU\ ORZ WKDQNV WR WKH TXDOLW\ RI WKH SRZGHU DQG D JRRG WXQLQJ RI WKH SURFHVV
SDUDPHWHUVDGDSWHGVL]HDQGJRRGVWDELOLW\RIWKHK\GURG\QDPLFVRIWKHPHOWSRRO
3.2.4. Crack and deformation  

,QWKHLQLWLDOWULDOVWKHSURGXFHGFODGVH[KLELWFUDFNV$IWHUDQDO\VLVLWLVFOHDUWKDWWKHVHFUDFNVDUHFRPLQJQRW
IURPKRWFUDFNLQJFDXVHVEXWFHUWDLQO\DFRQVHTXHQFHRIWKHVWUHVVSURGXFHGE\WKHUPDOF\FOHVGXULQJWKHGHSRVLWLRQ
LQFRPELQDWLRQZLWKWKHODFNRIGXFWLOLW\RIWKH7ULEDOR\,QRUGHUWRDYRLGWKLVLWKDVEHHQFRQVLGHUHGWRKHDWWKH
VXEVWUDWHEHWZHHQ&&VHH)LJEHIRUHDQGGXULQJSURFHVVDQGFRROLQJWKHVXEVWUDWHZLWKORZFRROLQJ
UDWHDIWHUWKHFODGGLQJSURFHVV




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

)LJ,QIOXHQFHRIWKHSUHKHDWLQJWHPSHUDWXUHRQWKHFUDFNVXVFHSWLELOLW\RQ7ULEDOR\SRZGHUIORZUDWHIXQFWLRQJPQRIWKHGHSRVLWLRQ
VSHHGPPPQ

$QRWKHUZD\WRDUWLILFLDOO\GHFUHDVHWKHVWUHVVKDVEHHQWRLQWURGXFHDQLQLWLDORSSRVLWHVWUHVVE\PDNLQJIXVLRQ
OLQHVDWWKHEDFNVLGHRIWKHVXEVWUDWHIRUFODGGLQJ
3.2.5. Dilution 

'HSHQGLQJRIWKHSURFHVVSDUDPHWHUVSURILOHVRILURQFRQWHQWFDQEHDVIROORZ
x $WORZWUDYHOVSHHGPPPQDQGORZSRZGHUIORZUDWHJPLQWKHGLOXWLRQLVLPSRUWDQWDQGWKH
WUDQVLWLRQEHWZHHQWKHVXEVWUDWHDQGWKHFODGLVTXLWHVPRRWK7KHLURQFRQWHQWJRHVIURPDERXWWRWKH
/LURQFRQWHQWLQDERXWPP
x :KHQ LQFUHDVLQJ WUDYHOVSHHG WRPPPQ WRPPP WKHGLOXWLRQ LVGHFUHDVHG7KH LURQFRQWHQW LQ
WKHFODGVOLJKWO\GHFUHDVHVDERXWLQVWHDGRILQWKHSRZGHU0RUHRYHUWKHGLOXWLRQ]RQHLVUHGXFHGWR
OHVVWKDQP

3.3. Microstructural analysis of Tribaloy 700 
7KHPLFURVWUXFWXUHDQGFKHPLFDOFRPSRVLWLRQRIWKHFODGGLQJOD\HUVKDYHEHHQH[DPLQHGE\6(0DQG('6,Q
DOORIWKHVDPSOHVWKHLQWHUIDFHVKRZVDJRRGPHWDOOXUJLFDOERXQGLQJDQGFRQWLQXLW\ZLWKRXWGHIHFW
,Q)LJPRVWRIWKHFODGWKHLQWHUIDFHH[FOXGHGFRQVLVWVLQPRVWO\HTXLD[HGDQGWKLQVWUXFWXUH

;ĂͿ
;ďͿ ;ĐͿ
)LJ0LFURJUDSK\VRIDW\SLFDOFODG9HUWLFDOPLFURJUDSK\RIDW\SLFDOFODGDWRSEPLGGOHDQGFERWWRPYLHZ


3UHKHDWLQJWHPSHUDWXUH& 3UHKHDWLQJWHPSHUDWXUH&
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
7KHPLFURVWUXFWXUHRI7ULEDOR\FRQVLVWVRIDQLFNHOEDVHGPDWUL[1L&U0R6L)HDQGWZRLQWHUPHWDOOLFSKDVHV
7KH ('; DQDO\VLV VKRZ WKDW WKH GLIIHUHQFH EHWZHHQ WKHVH LQWHUPHWDOOLF SUHFLSLWDWHV DUH YHU\ WLJKW 7KH )LJ 
SUHVHQWVDPLFURJUDSK\RI7ULEDOR\LQWKHPLGGOHWRWKHWRSRIWKHGHSRVLW
;ĂͿ  ;ďͿ 
)LJ(%0LPDJHVRI7ULEDOR\DPDJQLILFDWLRQRIWKHXSSHUSDUWRIWKHFODGEGHWDLO
 
$VLWFDQEHHQVHHQRQWDEOHUHODWHGWR(';DQDO\VLVRIHDFKUHJLRQRILPDJH)LJEWKHFRPSRVLWLRQRI/DYHV
SUHFLSLWDWHV LVGLIILFXOW WRGHWHUPLQH7KH(';DQDO\VLVVKRZVDPL[HGFRPSRVLWLRQRISUHFLSLWDWHV WKDWFDQQRWEH
FOHDUO\LGHQWLILHGWR/DYHVSKDVHVWKDWKDYHEHHQIRXQGZLWK3ODVPD7UDQVIHUUHG$UF:HOGLQJDV0R6L7KHVWXG\
LVRQJRLQJZLWKGHHSHULQYHVWLJDWLRQE\RWKHUDQDO\VLVPHWKRGVDV7(0RUQDQR$XJHU
7DEOH(';DQDO\VLVRIUHJLRQVSUHVHQWHGLQ)LJE
ůĞŵĞŶƚ DĂƚƌŝǆƉŚĂƐĞ;йǁͿ >ĂǀĞƐƉŚĂƐĞ;ǁŚŝƚĞǌŽŶĞͿ;йǁͿ /ŶƚĞƌŵĞĚŝĂƚĞǌŽŶĞ;ŐƌĞǇǌŽŶĞͿ;йǁͿ
Eŝ ϲϬ͘ϴ ϯϯ͘Ϭ ϯϵ͘ϲ
DŽ ϭϱ͘ϭ ϱϬ͘ϰ ϰϯ͘ϳ
ƌ ϭϵ͘ϲ ϭϮ͘Ϭ ϭϬ͘ϰ
^ŝ ϭ͘ϲ ϯ͘ϴ ϱ͘ϵ
&Ğ ϭ͘ϵ Ϭ͘ϵ Ϭ͘ϴ
dŽƚĂů ϵϵ͘Ϭ ϭϬϬ͘Ϯ ϭϬϬ͘ϰ

$IWHUWKLVPHWDOOXUJLFDODQDO\VLVZHKDYHPDGHWULERORJLFDOWHVWVWKDWDUHSUHVHQWHGLQWKHQH[WVHFWLRQ
7ULERORJLFDO$QDO\VLV
4.1. Experimental procedure 
7KH WHVW SLQRQGLVN ZDV FDUULHG RXW WR VWXG\ ZHDU EHKDYLRU RI KDUG FRDWLQJV 7KH GLVN LV D SODWH
PP[PP[PPKDYLQJWZROD\HUV7KHILUVW OD\HUZKRVHWKLFNQHVVLVPPLV WKHKDUGFRDWLQJ7KHVHFRQG
OD\HU LV WKH VXEVWUDWH %HIRUH HDFK WULERORJLFDO WHVW WKH PLFURVWUXFWXUH FRPSRVLWLRQ E\ 6(0 DQG 9LFNHU¶V
PLFURKDUGQHVVPHDVXUHPHQWZLWKJDSSOLHGORDGKDYHEHHQLGHQWLILHGRQWKHGHSRVLWHGVXUIDFH7KHVXUIDFHRI
HDFKVDPSOHLVSROLVKHGWRPDLQWDLQDXQLIRUPURXJKQHVV5DYDOXHRIP$EDOOPPVWDLQOHVVVWHHO
W\SH / LV XVHG DV D SLQ DQGSODFHGRQ D UDGLXV RI PP IURP WKH URWDWLRQ D[LV:HDU UDWH DQG FRHIILFLHQW RI
IULFWLRQRI WKHGHSRVLWVZHUHHYDOXDWHGE\XVLQJWKLVVHWXS:HDU WHVWVZHUHFDUULHGRXW LQ LQHUWJDVDUJRQDQGDW
URRPWHPSHUDWXUH$OOWKHWHVWVZHUHFRQGXFWHGIRUWKHVOLGLQJGLVWDQFHRIPURXQGV7ZRGLIIHUHQWORDGV
ZHUHXVHGORZORDG1DQGKLJKORDG1LQRUGHUWRVWXG\WKHLQIOXHQFHRIWKHORDGRQWKHZHDUEHKDYLRURI
WKHVHKDUG FRDWLQJV$W WKH VDPHZD\ WZR IULFWLRQYHORFLWLHVZHUHXVHG VORZVSHHGPV USP DQG  KLJK
VSHHGPV USP LQRUGHU WR VWXG\ WKH LQIOXHQFHRI WKH IULFWLRQYHORFLW\$IWHU HDFK WHVW VSHFLPHQVZHUH
UHPRYHG FOHDQHG XOWUDVRQLFDOO\ LQ WKH EDWK FRQWDLQLQJ DFHWRQH 7KHZHDU ORVV RI WKH GHSRVLWVZDVPHDVXUHG E\
PLFURWRSRJUDSK\:HDU WUDFNRI WKHVDPSOHVDQGGHEULVZHUHH[DPLQHGE\6(0HTXLSSHGZLWKHQHUJ\GLVSHUVLYH
VSHFWURVFRS\('6WRLGHQWLI\WKHZHDUPHFKDQLVPV
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4.2. Analysis of wear behavior 
:HSUHVHQWKHUHXQGHUWKHZHDUH[SHULPHQWVZLWKDORDGRI1DVOLGLQJVSHHGDWPVDWURRPWHPSHUDWXUH
&RQO\$V\QWKHVLVRIWKHIXOOVHWRIH[SHULPHQWVLVSUHVHQWHGDWWKHHQGRIWKHVHFWLRQ
4.2.1. Wear mechanism of Stellite 6 

,QRUGHUWRLGHQWLI\WKHZHDUPHFKDQLVPVZHDUWUDFNRIWKHVDPSOHVRIWKHEDOODQGGHEULVZHUHREVHUYHG)LJ
,WZDVVHHQWKDWWKHZHDUWUDFNRIFRDWLQJKDGJURRYHVDQGULGJHVDVVHHQLQ)LJDE6WHOOLWHZDVIRXQGRQ
VWDLQOHVVVWHHOEDOO)LJF7KLVVKRZVWKDWWKHUHZDVDPDWHULDOWUDQVIHUIURPWKHVDPSOHVWRWKHVWDLQOHVVVWHHOEDOO
'HEULVDSSHDULQWKHIRUPRIFKLSVDVVHHQLQ)LJG$OOLQIRUPDWLRQREWDLQHGVKRZVWKDWWKHZHDUPHFKDQLVPRI
WKHSDLUVWDLQOHVVVWHHOEDOOVWHOOLWHLVVHOIVWHOOLWHPDFKLQLQJ7KHZHDUZDVFDXVHGE\SORXJKLQJDFWLRQ




)LJ6(PLFURJUDSKFKDUDFWHULVWLFVRIZRUQVXUIDFHRIZHDUWUDFNIRU6WHOOLWHDVOLGHRQSODQHEVOLGHGHWDLOFFRQWDFWRQSLQGGHEULV

4.2.2. Wear mechanism of Colmonoy 52 

,W¶VWKHVDPHREVHUYDWLRQIRXUWKHFDVHRI&ROPRQR\,WZDVVHHQWKDWWKHZHDUWUDFNRIFRDWLQJKDGYDOOH\V
DQGVFDOHVDVVHHQLQ)LJDE,QWKLVFDVHWKHVWDLQOHVVVWHHOEDOOZDVZRUQ)LJF'HEULVZHDUDSSHDUVLQ
WKHIRUPRIVFDOHDVVHHQLQ)LJG7KHUHIRUHWKHZHDUPHFKDQLVPRIWKHSDLUVWDLQOHVVVWHHOEDOOFROPRQR\
LVDGKHVLRQ7KHZHDULVGXHWRGHODPLQDWLRQRQWKHFRDWLQJ

 
)LJ6(PLFURJUDSKVRIZRUQVXUIDFHRIZHDUWUDFNIRU&ROPRQR\DVOLGHRQSODQHEVOLGHGHWDLOFFRQWDFWRQSLQGGHEULV

4.2.3. Wear mechanism of Tribaloy 700 

7KH VDPH DQDO\VLV KDYH EHHQ PDGH IRU 7ULEDOR\  VDPSOH &RQFHUQLQJ WKH VXUIDFH DQDO\VLV WKH VDPSOHV
SUHVHQWVDYHU\ORZORVVRIPDVV7KHVXEVWUDWHLVVWLOOYLVLEOHORZPRGLILFDWLRQRIWKHVXUIDFHVHHPVYLVLEOH6RPH
VOLGLQJWUDFHVDUHYLVLEOH&RQVLGHULQJWKHVXUIDFHLIDWKLUGFRPSRQHQWFDQKDYHEHHIRUPHGGXULQJVOLGLQJLWFRXOG
EHRQO\LQYHU\ORZTXDQWLW\&RQFHUQLQJWKHEDOOWKHFRQWDFWVXUIDFHLVVPDOODQGDWUDQVIHURIPDWHULDOLVFRQILUPHG
E\('; DQDO\VLV VXEMHFWLQJ DZHDU RI 7ULEDOR\  RQ7ULEDOR\ 7KH DQDO\VLV RI WKH GHEULV VKRZV D VPDOO
LUUHJXODUSLHFHVPRVW SUREDEO\ FRPLQJ IURP VPDOO FUDFNV DQGGHODPLQDWLRQRI WKHPDWHULDO RI WKHSODQDU VXUIDFH
7KLVFRQILUPVDQDEUDVLYHSURFHVVIROORZHGE\DVPDOOEXWWHULQJRIWKHPDWHULDO)LJ

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 

)LJ6(PLFURJUDSKFKDUDFWHULVWLFVRIZRUQVXUIDFHRIZHDUWUDFNRQWKHEDOODQGZHDUGHEULVIRU7ULEDOR\

4.3. Synthesis of experiments 
)LJSUHVHQWVDJOREDORYHUYLHZRIWKHZHDUYROXPHORVVRQSODQHIRUWKHWKUHHPDWHULDODWWZRWHPSHUDWXUHV
DQGWZRORDGVWHVWHG$VLWFDQEHVHHQLQDQ\FRQGLWLRQ7ULEDOR\KDVDYHU\JRRGEHKDYLRUZLWKDYHU\ORZORVV
RIPDWHULDO0RUHRYHULWVEHKDYLRUGRHVQRWYDU\WRRPXFKZKHQLQFUHDVLQJWKHWHPSHUDWXUHRIWKHORDG,I6WHOOLWH
H[KLELWVDJRRGEHKDYLRUWRRWKH&ROPRQR\DOOR\VHHPVWRKDYHDUHODWLYHZRUVHEHKDYLRUFRPSDUHGWRWKHRWKHU
PDWHULDOV

)LJ:HDUEHKDYLRURI6WHOOLWH&ROPRQR\DQG7ULEDOR\IRUDORDGRI1DQG1DW&DQG&
7KLV LV FRQILUPHG E\ WKH ZHDU PHFKDQLVP VKRZQ EHIRUH &RQVLGHULQJ WKH SLQRQGLVN VHWXS XVHG IRU WKHVH
H[SHULPHQWDQGSDUWLFXODUO\GXH WR WKHDGGLWLRQRI WKHKHDWLQJGHYLFH LWKDVQRWEHHQSRVVLEOH WRJHW VDWLVIDFWRU\
IULFWLRQFRHIILFLHQWV+RZHYHU LWKDVEHHQVHHQWKDW LI WKHIULFWLRQFRHIILFLHQWUHPDLQVYHU\VWDEOHIRU6WHOOLWH LW
VOLJKWO\ IOXFWXDWHV GXULQJ WKH VOLGLQJ WLPH IRU 7ULEDOR\  DQG YHU\ FKDQJLQJ IRU &ROPRQR\  $GGLWLRQDO
H[SHULPHQWVDUHXQGHUJRLQJRQDQHZH[SHULPHQWDOVHWXS
&RQFOXVLRQ
,Q WKLV DUWLFOH ZH KDYH SUHVHQWHG D QHZ VWXG\ FRQFHUQLQJ WKH &REDOW EDVHG KDUGIDFLQJPDWHULDOV IRU 6RGLXP
5HDFWRUV6RPHQLFNHOEDVHGDOOR\VKDYHEHHQVHOHFWHG7KHODVHUFODGGLQJSURFHVVHGLVXVHGIRUFODGGLQJWKHDOOR\
RQWRWKHVXEVWUDWH/
7KHSDUDPHWHUVHDUFKKDVEHHQSUHVHQWHGIRU&ROPRQR\DOOR\:HKDYHGHPRQVWUDWHG WKDW WKLVDOOR\FDQEH
GHSRVLWHGDQGWKDWVRXQGFODGVQRFUDFNIHZSRURVLWLHVFDQEHREWDLQHG
7KHPHWDOOXUJLFDODQDO\VLVKDVEHHQLQLWLDWHGDQGILUVWUHVXOWVH[KLELWDWKLQPLFURVWUXFWXUHJOREDOO\HTXLD[HGZLWK
DJRRGKRPRJHQHLW\ IURPWKH LQWHUIDFH WR WKHVXEVWUDWHXS WR WKH WRSRI WKHFODG+DUGHQLQJSKDVHVFDUELGHVDQG
ERULGHVDUHXQLIRUPO\GLVSHUVHGLQWRWKHPDWHULDO6RPHTXHVWLRQVDUHXQGHUVWXG\DVIRUH[DPSOHWKHSUHVHQFHRI
WKH WZR SKDVHV LQ WKHPDWUL[ VWUXFWXUH $ FRPSDULVRQZLWK VWDQGDUG SURFHVVHV 37$: 3ODVPD 7UDQVIHUUHG$UF
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:HOGLQJLVRQJRLQJ,QWKHQH[WVWHSRIWKHVWXG\ZH¶OOPDNHWULERORJ\WHVWVRQ6WHOOLWHDQG&ROPRQR\FODGVRQD
SLQRQGLVNGHYLFHGU\FRQWDFWDLUDPELHQWWHPSHUDWXUH
,Q WKH QH[W VWHS WKH SDUDPHWHU VHDUFK ZLOO VWDUW IRU WKH 7ULEDOR\ DOOR\ ,I VRXQG FODGV DUH REWDLQHG VLPLODU
WULERORJ\ WHVWV ZLOO EH PDGH IRU FRPSDULQJ WKH WKUHH DOOR\V2I FRXUVH FRUURVLRQ WHVW XQGHU VRGLXP DQG WULER
FRUURVLRQWHVWVXQGHUVRGLXPDUHUHTXLUHGIRUPDNLQJDILQDOFRPSDULVRQDQGYDOLGDWLRQRIWKHPDWHULDOV)RUWKLV
GHGLFDWHGGHYLFHVKDYH WREHGHVLJQHGDQG LPSOHPHQWHG7KLVZRUN LVQRWDFKLHYHG\HWDQG WKXV WKH WHVWVXQGHU
VRGLXPZLOOEHPDGHODWHURQ
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